A delayed hypersensitivity skin test for murine cytomegalovirus is described, in which ear swelling is measured after injection of heat-killed virus. The response appeared within 4 days of infection, peaked at 8 days, and remained at high levels for at least 100 days. When Strasbourg, 1981) have shown that guinea pig CMV can induce in guinea pigs a delayed virus-specific cutaneous reaction which appeared to be basophil mediated.
A delayed hypersensitivity skin test for murine cytomegalovirus is described, in which ear swelling is measured after injection of heat-killed virus. The response appeared within 4 days of infection, peaked at 8 days, and remained at high levels for at least 100 days. When live virus was inoculated into the ear of previously uninfected mice, a much greater degree of ear swelling was seen, maximal at 7 days, but without growth of virus in the inoculated ear. Mice infected with avirulent (cell culture-passaged) virus gave greater delayed hypersensitivity responses than with those infected with virulent (salivary gland-passaged) virus. One of the strains of mice that is susceptible to murine cytomegalovirus (C57BL) developed greater delayed hypersensitivity responses than did the resistant strain (C3H). The delayed hypersensitivity response of neonatally infected mice was greatly depressed during pregnancy and lactation.
Although cytomegalovirus (CMV)-specific cell-mediated immunity (CMI) has been reported before, this was based exclusively on in vitro studies. Thurman et al. (18) reported in vitro blast transformation of peripheral blood lymphocytes from patients with CMV infection when lymphocytes were cultured with CMV-infected WI 37 cells. Thong et al. (17) and Rola-Pleszcynski et al. (14) demonstrated CMI to human CMV by using a lymphocyte cytotoxicity assay. For murine CMV (MCMV) Howard et al. (6) Strasbourg, 1981) have shown that guinea pig CMV can induce in guinea pigs a delayed virus-specific cutaneous reaction which appeared to be basophil mediated.
Resistance to CMV infection does not appear to be antibody dependent because CMV can both persist in vivo and replicate in vitro (Chong, unpublished data) despite the presence of high concentrations of neutralizing antibodies. Experimental suppression of the CMI response, however, makes mice more susceptible to MCMV infection (1, 8, 9)-suggesting that CMI plays an important role in defense against CMV infection. Furthermore, MCMV infections are much more severe in congenitally athymic mice (15, 16) . In this study, we report MCMVspecific CMI by an in vivo test for delayed-type hypersensitivity (DTH) . The response was depressed during late pregnancy and throughout lactation, and this can be related to reactivation of CMV during pregnancy.
MATERIALS AND METHODS Cel cultures. Primary mouse embryo fibroblasts (MEF) were prepared by the trypsinization of fetuses from 17-day-pregnant CD1 mice. Cells were grown in Eagle minimal essential medium supplemented with 5% fetal bovine serum, 0.11% sodium bicarbonate, 100 U of penicillin, and 100 ,ug of streptomycin. For both virus growth and plaque assay, secondary cell cultures were used.
Virus. Unless otherwise stated, the strain of MCMV used throughout this study was received from June Osborn (Department of Medical Microbiology, University of Wisconsin, Madison, Wis.), who had developed it from the Smith strain after many passages in mouse salivary gland. The Smith (American Type Culture Collection) strain passaged in salivary glands was used in one experiment. To obtain high-titer stock salivary gland virus (SGV) containing >107 PFU/ml, 3-week-old mice were infected intraperitoneally with 101 PFU of virus. This produced 10o mortality at 5 to 7 days, and the salivary glands of surviving mice were harvested at 2 to 3 weeks after infection. Tissues were homogenized in phosphate-buffered saline with an M.S.E. homogenizer to give 10%1 tissue suspensions.
This was clarified by low-speed centrifugation and stored at -800C.
The cell culture-grown virus (CCV) was used after 10 to 15 passages in MEF cells at a low multiplicity of infection (approximately 0.01 PFU per cell). The virus growth medium used was Eagle minimal essential medium supplemented with 0.11% sodium bicarbonate, 100 U of penicillin per ml, 100 ,ug of streptomycin per ml, and 2% fetal bovine serum. For stock virus preparations, the infected cultures were frozen and thawed once, and cell debris was removed by low-speed centrifugation. Virus titers, as determined by plaque assay in MEF, were between 5 x 105 and 2 x 106 PFU/ml.
Mice. An outbred, specific-pathogen-free strain of CD1 mice were used for all experiments. Specificpathogen-free C57BL and C3H strain mice were obtained from Bantin and Kingman, The Field Station, infection of mice with 104 PFU of MCMV SGV, and the ear response was measured. Significant ear swelling was first observed in mice challenged on day 4 after i.p. infection and was maximal on day 8 postinfection (Fig. 1) . The ear swelling could still be induced 100 days after infection. Experiments with live virus challenge. Other mice also infected 11 days earlier were challenged in the pinna with 5 x 105 PFU of live SGV, and ear swelling was measured at different times. As with the killed virus, peak swelling was seen at 48 h (115%), with 101% at 24 h and 85% at 72 h. Smaller doses (104 PFU) of live virus induced a smaller response or no response (103 PFU) in previously infected mice. The larger dose (5 x 105PFU) of virus was necessary for consistent and reproducible results. However, live virus was not used for routine DTH challenge because it produced marked ear swelling in previously uninfected mice (control animals). The primary ear swelling was compared with DTH ear swellings in groups of five CD1 mice after subcutaneous ear infection with 5 x 105 PFU of live SGV (Fig. 2) . It can be seen from Fig. 2 that the primary ear swelling was greater and also of longer duration than the DTH response, with a peak occurring 7 days after infection. The inoculated ear of these mice contained no detectable virus (<5 PFU per ear) at 2 and 8 days. Previously infected mice also showed no virus in the inoculated ear 2 days after live virus challenge.
Effect of virus strain and dose on the development of DTH. Groups of 6 Student's t test showed that the response to 104 PFU of CCV was significantly greater than to SGV (P < 0.01). Also, the response to the smaller dose of CCV was significantly greater than to the larger dose (P < 0.02).
responses were compared in mice of the same three strains after infection i.p. with 104 PFU of SGV (Table 3) . When tested at 5 days postinfection, the ear swelling was much greater in the C57BL mice than in C3H mice (P < 0.001). CD1 mice were not significantly different from C3H mice at this time, and by 11 days all strains of mice showed similar maximum ear responses. By 90 days postinfection, the response of C57BL and C3H mice had diminished, but that of CD1 mice was not significantly changed.
Effect of pregnancy. Neonatal CD1 mice were infected i.p. with 10 PFU of CCV and when 21 days old were weaned and caged separately according to sex. At 7 months after infection, the females were mated with uninfected males, and the presence of vaginal plugs was considered the first day of pregnancy. Mice were challenged with the standard dose of heat-killed virus at various times during pregnancy and lactation. Nonmated neonatally infected females were used as controls and were challenged similarly. The delayed hypersensitivity ear response of the pregnant and nonpregnant mice were as shown on Fig. 3 (5) . Depression of CMV-specific CMI in association with pregnancy has not previously been reported in mice, but there have been several reports of impairment of CMV-specific CMI in mothers of infants with congenital CMV infection (4, 13, 14, 17) . Furthermore, Gehrz and coworkers (3) very recently showed that CMVinduced lymphocyte proliferation was markedly b At 5 days postinfection, the ear swelling was much greater in the C57BL mice than in the C3H mice (P < 0.001) depressed during the second and third trimesters of normal pregnancy in seropositive women, CMV antibody titers remaining unchanged. The depression, which lasted for nearly a year after delivery, appeared to be selective for CMV because T-cell counts and mitogen-induced proliferation were unaffected.
Further studies are in progress using the mouse model described here, to elucidate the role of depressed CMI and of hormonal changes in the reactivation of CMV infection during pregnancy.
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